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[57] ABSTRACT

A polymer composition usable for the production of
articles of biodegradable plastics material includes an
ethylene/vinyl alcohol copolymer and destructured
starch. Preferably, the composition is obtainable by
mixing the ethylene/vinyl alcohol copolymer, in a
heated extruder, with a starch component constituted
by a destructured starch composition produced before-
hand by mixing starch with a high-boiling plasticizer,
such as glycerine and a destructuring agent, preferably
constituted by urea, in an extruder. Alternatively, the
composition can be obtained by mixing the ethylene/vi-
nyl alcohol copolymer with starch and a plasticizer in
an extruder, with water added as appropriate and possi-
bly with a suitable destructuring agent.

The composition is particularly useful for the produc-
tion of films with good resistance to perforation and
tearing and molded articles with improved mechanical
strength. The products made from this composition are
also good oxygen and carbon dioxide barriers.

20 Claims, No Drawings
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POLYMER COMPOSITIONS FOR THE
PRODUCTION OF ARTICLES OF
BIODEGRADABLE PLASTICS MATERIAL AND
METHODS FOR THEIR PREPARATION

RELATED APPLICATIONS

This 1s a divisional application of U.S. patent applica-
tion Ser. No. 07/530,925, filed May 29, 1990 and now
abandoned.

The present invention relates to polymer composi-
tions usable for the production of articles of biodegrad-
able plastics material and to methods for their prepara-
tion.

In recent; years, many attempts have been made to
provide new biodegradable polymers to replace con-
ventional oil-based plastics materials which have a bad
impact on the environment. Research has been carried
out, on the one hand, to provide compositions which
can be converted by conventional processes into films
for packaging and mulch and, on the other hand, to
provide compositions for the production of mouided
articles with good mechanical strength.

As regards the production of compositions for films,
U.S. Pat. No. 4,133,784 describes compositions consti-
tuted by starch and an ethylene-acrylic acid copolymer
(EAA) which can be converted into films which are
flexible, water-resistant, heat-weldable and biodegrad-
able.

The compositions are converted into films by casting
(spreading), simple extrusion or rolling (milling) tech-
niques. However, these processes are slow and very
expensive. Moreover, with certain starch contents,
which are necessary to achieve the desired mechanical
properties, the degree of biodegradability and the UV
stability of the products are greatly compromised.

U.S. Pat. No. 4,337,181 proposes the addition to the
EAA copolymer-starch composition of a quantity of a
neutralizing agent, such as ammonia or an amine, suffi-
cient, to neutralize some or all of the acid groups of the
EAA, and then the blow-moulding of the formulation
thus obtained with a moisture content of between 2 and
10%. -

The addition of urea and/or polyols to the EAA
copolymer/starch compositions in order to facilitate
their preparation and improve the resulting films from
the economic and qualitative points of view is also pro-
posed in Ind. Eng. Chem. Res. 1987, 26, pages
1659-1663. The presence of the urea would have the
effect of improving the gelling of the starch with small
amounts of water and hence of enabling the direct pro-
duction of a uniform film, from semi-dry compositions
(a water content of around 16%) as well as of avoiding
the need for the EAA copolymer-starch mixture to be
mixed with large amounts of water in a mixer before the
extrusion process.

In general, however, the films produced by the meth-
ods described in the technical documents mentioned
above still have a low teanng resistance which makes
then completely unsuitable for use for the production of
packaging articles, such as bags and the like.

A first object of the present invention, therefore, is to
provide compositions which can be converted into films
by conventional filming techniques to produce a sheet
material which, as well as being flexible, water-resis-
tant, heat-weldable and biodegradable, has good me-
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2

chanical strength characteristics and good resistance to
tearing and perforation.

With reference to the production of moulded articles,
this term meaning articles with wall thicknesses greater
than 0.2 mm, U.S. Pat. No. 4,591,475 describes an injec-
tion moulding process starting with starch which has
not been destructured.

In this case, the process has been found to be very
variable since the viscosity of the product in the fused
state 1s dependent on the rate of cutting deformation,
which makes the moulding process greatly dependent
on the speed of the screw, the temperature and pressure
conditions and/or the water content, and reduces the
quality of the articles produced.

Published European patent application No. EP-A-O
304401 describes a method for the injection moulding of
capsules from destructured starch. In this case, the arti-
cles obtained by the process also have poor mechanical
properties, as well as being very soluble in water.

In view of the above, a further object of the invention
1s to provide compositions useful for the production of
moulded articles with good physical and mechanical
properties.

In view of the specified objects, a first subject of the
invention 1S a polymer composition usable for the pro-
duction of articles of biodegradable plastics material,
including an ethylene/vinyl alcohol copolymer and
destructured starch.

The ethylene/vinyl alcohol copolymer, whose use in
the composition according to the invention provides the
desired mechanical, physical and chemical properties,

has an ethylene content of from 10 to 40% by weight
(15-509% mol), more preferably 30-45% mol, with a

melt flow index (230° C,, 2.16 Kg) of between 2 and 50,
preferably between 6 and 20.

Further preferred features for the ethylene/vinyl
alcohol copolymer are as follows:

Intrinsic viscosity, [71] 0.50-0.9
(in DMSO at 30° C. preferably 0.65-0.80
Molecular weight distribution Mw/Mn 1.3-4
(GPC in tetrahydrofurane)
Melting point temperature <180° C.

preferably 160-170° C.
Hydrolisys degree* 90-99.9%

*Basic hydrolisys and titration of the residual base with acid.

Copolymers produced by Solvay and available com-
mercially under the trade name of Clarene registered
trademark) may be used.

The term “starch”, as used in the present description
and 1n the claims, generally covers all the starches of
natural or vegetable origin composed essentially of
amylose and/or amylopectin. They can be extracted
from various plants, such as, for example, potatoes, rice,
tapioca, maize and cereals such as rye, oats and wheat.
Maize starch is preferred. The term starch also covers
modified starch whose acidity index has been lowered
to a value of between 3 and 6, as well as potato starch in
which the type and concentration of the cations associ-
ated with the phosphate group have been modified.
Ethoxy derivatives of starch, starch acetates, cationic
starches, oxidized starches, cross-linked starches and
the like may be used in the method of the present inven-
f10n.

The term destructured starch means a starch which
has been heat-treated above the glass transition temper-
atures and melting points of its components, so that the
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components are subjected to endothermic transitions
such as to produce a consequent disorder in the molecu-
lar structure of the starch granules. The methods for
destructuring the starch and for preparing the composi-
tion according to the invention will be described more
fully below.

In the composition according to the invention, de-
structured starch, and ethylene/vinyl alcohol copoly-
mer may be present in a ratio by weight of from 1:19to
19:1, preferably from 1:4 to 4:1.

The composition preferably includes a high-boiling
plasticizer with, a boiling point above 150° C., which is
present in a quantity of from 0.05 to 100% of the weight
of the starch, preferably from 0.05 to 40% of the weight
of the starch.

Polyols, such as polyethylene glycol with, a molecu-
lar weight of from 200 to 4000, ethylene glycol, propy-
lene glycol, sorbitol and, preferably, glycerine, are used
as plasticizers.

The composition may also include a quantity of urea
of from 2 to 20% of the weight of the starch compo-
nent. The use of urea is not necessary but it may be
desirable as a starch-destructuring agent, depending on
the method used for the preparation of the composition,
as will be seen more fully below.

The composition may also include other low-melting
polymers, in particular, modified ethylene polymers,
specifically ethylene/acrylic acid (EAA) copolymers,
or even polyvinyl alcohol, at a concentration of up to
15% of the weight of the total composition. With refer-
ence to the EAA copolymer, water-dispersible copoly-
mers are used, such as those described in the U.S. Pat.
No. 4,133,784 the contents of which are understood to
be included in the present description as a result of its
mention.

Cross-linking agents such as formaldehyde, para-
formaldehyde, paraldehyde and epichlorohydrin may
also be present.

It 1s intended that the composition may include other
additives suitable for imparting specific properties to
the articles which are to be produced from the composi-
tion. Thus, for example, UV stabilizers, for example,
carbon black, may be added to improve the resistance of
the articles to sunlight; flameproofing agents may be
added 1if this property is required in the articles. Other
additives include those conventionally incorporated in
starch-based moulding or blow-extrusion compositions,
such as fungicides, herbicides, antioxidants, fertilizers,
opacifiers, stabilizers and plasticizers. All these addi-
tives may be used in conventional quantities as known
to experts in the field or as easily determined by routine
tests, and may constitute up to 20% by weight of the
final composition.

The composition has a water content of no greater
than 6% of the weight of the composition as a whole,
resulting from the intrinsic moisture content og¢the
starch used or from water added as appropriate during
the preparation method.

‘The composition is prepared by mixing in a heated
extruder to produce an extrusion which can be granu-
lated for subsequent use in conventional plastics pro-
cessing.

In 1ts most usual form, the method for preparing the
composition, which constitutes a further subject of the
invention, comprises the step of mixing the ethylene/vi-
nyl alcohol copolymer and starch in a ratio by weight of
from 1:19 to 19:1 , preferably from 1:4 to 4:1, with a
quantity of a high-boiling plasticizer of from 0.05 to
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4
t100% of the weight of the starch, possibly in the pres-
ence of a destructuring agent selected from the group
consisting of urea, alkaline-earth or alkali metal hydrox-
ides, in an extruder which is heated to a temperature
and for a period of time sufficient to bring about the
destructuring of the starch.

The composition may be prepared in a single mixing
stage, in which case the destructuring agent is used in a
quantity of from 2 to 20% of the weight of starch, and
a quantity of water of from 0.05 to 00% of the weight of
the starch is added as appropriate. Other useful destruc-
turing agents may be constituted by sodium, potassium
and calcium hydroxides. Ammonia may also be added
in the extruder and the quantity used reduced to a con-
tent of no more than 0.5% of the weight of the composi-
tion by a drying stage during the extrusion process or
thereafter.

The temperature within the extruder is between 120°
and 170° C., preferably between 130° and 160° depend-
ing on the type of starch used and on its water content.

According to a preferred embodiment, the method
for preparing the composition according to the inven-
tion comprises the step of mixing, in a heated extruder,
the ethylene/vinyl alcohol copolymer with a destruc-
tured-starch-based component which is prepared be-
forehand by mixing starch in an extruder with a quan-
tity of a high-boiling plasticizer of from 0.05 to 100% of
the weight of the starch, in the presence of a quantity of
a destructuring agent selected from the group consist-
ing of urea, alkaline hydroxides, alkaline-earth hydrox-
ides, and mixtures thereof effective for causing the de-
structuring of the starch at a temperature below the
boiling point of the plasticizer and between 120° and
170° C., preferably, 130°-160° C.

The preparation of the destructured starch is carried
out beforehand in the absence of added water, that is, in
the presence only of the intrinsic water content of the
starch as it i1s, which is generally between 10 and 13%
by weight. During the preparation of the destructured
starch component, low-melting copolymers, such as
EAA 1n particular, may be added to the starch.

It has been found that the preparation of the destruc-
tured starch component beforehand in the presence of
the high-boiling plasticizer and in the absence of added
water produces a composition which can be processed
at temperatures higher than 120° C. without problems
due to the formation of bubbles and which can be ex-
truded at low pressure without problems due to volatile
substances. This composition.is particularly suitable for
subsequent mixing with the ethylene/vinyl alcohol co-
polymer component in the extruder.

The composition which is the subject of the invention
is generally produced in the form of pellets for subse-
quent conversion into films or moulded products by
techniques such as injection moulding, blowing, ther-
mo-forming, etc.

The moulded products and films obtained with the
use of the composition by means of conventional tech-
niques for the processing of plastic materials fall within
the scope of the invention in particular, with reference
to the films or sheet materials, the composition enables
films which have good mechanical strength characteris-
tics, particularly cutting and perforation resistance, and
which are useful as oxygen and carbon dioxide barrier
films and for packaging or mulching to be produced by
extrusion-blowing
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Further characteristics and advantages of the inven-
tion will become clear from the following examples,
provided purely by way of illustration.

EXAMPLE 1

An ethylene/vinyl alcohol copolymer, Clarene R20
(registered trademark), and 15% of glycerine by weight
of the copolymer were extruded at 140° C. by HAAKE
Reomex extruder, model 252, with an L/D ratio of 19,

a screw diameter of 19 mm, and a compression ratio of 10
1:3, and with the screw revolving at 40 rpm.

30 parts of the product thus obtained were mixed
with 70 parts of GLOBE 0340 CERESTAR (registered
trademark) starch, 50 parts of water and 15 parts of
urea, and then extruded by the same extruder at 120° C. 15
The extrusion thus obtained was converted into pellets.

The pellets were supplied to the same extruder with
the use of a film-blowing head. Rectangular test pieces
for tensile testing according to ASTM 882 were formed
from the films approximately 100 microns thick.

The test pieces were conditioned at 23+1° C. and
35E£5% relative humidity for 24 hours.

The mechanical strength tests gave the following
results expressed as average values:

S

20

23

5285 kg/cm?
17%

186 kg/cm?
52.8%

178 kg/cm?

Young’s modulus
yielding strain
yielding stress
breaking strain

breaking stress 30

EXAMPLE 2 A composition was prepared containing:

63% by weight of undried GLOBE 03401 CERE-
STAR (trademark) starch with a water content of 11%:

23% by weight of glycerine;

7% by weight of urea;

3% by weight of the Dow Chemical copolymer EAA
3981 containing 20% of acrylic acid.

The components were supplied from a Licoarbo
DC-10 batcher to a Baker Perkins MPC/V-30 extruder.
The extruder was constituted by a two-screw unit di-
vided into two regions, with a screw diameter of 30 mm
and a screw length/diameter L/D) of 10:1, and con-
nected to a single-screw extruder press with a capillary
head and a screw having a diameter of 30 mm and an
L/D ratio of 8:1, divided into three regions. The capil-
lary nozzle used has a diameter of 4.5 mm.

The extrusion temperature was 140° C.

The extrusion obtained was pelletized without, prob-
lems.

60% of destructured starch pellets and 40% by
weight of Clarene R20 ethylene/vinyl alcohol copoly-
mer were extruded at 160° C. in the same extruder. The
final blend was blown at 160° C. in a HAAKE extruder
as descrnibed in Example 1.

The product obtained was characterized by a melting
point of 135° C. and a glass transition temperature of 70°
C.

The mechanical bending properties were measured
on rectangular test pieces conditioned and prepared as
described in Example 1, giving the following average
values:

35

45

30

35

65

Young’s modulus 3861 kg/cm?
yielding strain 43%
yielding stress 164 kg/cm?

6

~continued

207%
210 kg/cm?

breaking strain
breaking stress

The tearing resistance determined on test pieces ob-
tamed according to the ASTM standard D1004 was 540
g/100 um. The perforation resistance and the breaking

energy were 3.3 kg/um and 0.13 Joules/100 um respec-
tively.

EXAMPLES 3-9

A composition was prepared containing:

39% by weight of undried GLOBE 03401 CERE-
STAR (trademark) starch of Example 2

37% by weight of an ethylene/vinyl alcohol copoly-
mer having the properties shown in Table 1

12.8% by weight of glycerine

3.2% by weight of water

39% EAA 5981 copolymer (Dow Chemical)

5% urea.

The components were supplied from a gravimetric
batcher to the Baker Perkins MPC/V-30 extruder used
in Example 2. During tests 3-8 the extrusion processing
temperatures were varied within the range 170°-140° in
the two-screw zone of the extruder and within the
range 170-140° in the single-screw zone.

The extrusion obtained was pelletized and extrusion-
blown into a film as described in Example 1 at, about
160° C.

The tensile mechanical properties are shown in Table
2.

TABLE 1

Properties of the ethylene/vinyl alcohol poly-
__mers used in Examples 3-8.

EX. EX. EX. EX. EX. EX.

3 4 5 6 7 8
Ethylene content 42 38 38 38 44 44
(mol. %)
Intninsic viscositv 0.79 0.67 0.67 0.67 0.77 0.77
(DMSO, 30° C.)
Mw/Mn 3.6 1.7 1.7 1.7 1.7 1.7
Melting temperature 164 179 169 176 166 162
C.)
Hydrolysis degree 99.3 99.6 98.5 99.6 99.6 99.7
Melt flow index 20 — — — — —_—
(230° C,, 2.16 kg)
Meit flow index — 25 25 8 12 3
(210° C,, 2.16 kyg)

TABLE 2

Mechanical properties of the films obtained
__according to Examples 3-8

TENSILE

EXAMPLE EX. EX. EX. EX. EX. EX.

PROPERTIES 3 4 5 6 7 8

T (MPa) 17.6 10.9 10.4 17.0 18.0 22.0

€5 (%) 238 206 312 333 334 333

E (MPa) 149 88 64.5 109 110 285

ep (KJ/m?) 1550 914 1462 1936 1966 2508
We claim:

1. A polymer composition usable for the production
of articles of biodegradable plastics material, compris-
ing an ethylene/vinyl alcohol copolymer and a destruc-
tured starch, wherein said ethylene/vinyl alcohol co-
polymer has an ethylene content of from 10 to 40% by
welght and a melt flow index of from 2 to 50 and is
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present in a ratio to the destructured starch of from 1:19
to 19:1 by weight.

2. A polymer composition according to claim 1, in
which the copolymer and the starch are present in a
ratio of from 1:4 to 4:1 by weight.

3. A polymer composition according to claim 1, also
including a high-boiling plasticizer at a concentration of
from 0.05 to 100% of the weight of the starch compo-
nent.

4. A polymer composition according to claim 3, in
which the concentration of the high-boiling plasticizer
is from 20% to 100% of the weight of the starch compo-
nent.

5. A composition according to claim 3 or claim 4, in
which the high-boiling plasticizer 1s selected form the
group consisting of glycerine, polyethylene glycol,
ethylene glycol, propylene glycol, sorbitol, and mix-
tures thereof.

6. A composition according to claim 1, also including
a quantity of urea of from 2 to 20% of the weight of the
starch component.

7. A composition according to claim 1, including
water at a concentration of up to 6% of the total weight
of the composition.

8. A composition according to claim 1, including a
quantity of a polymer selected from modified ethylene
copolymers and mixtures thereof, of up to 15% of the
weight of the composition.

9. A composition according to claim 8, in which one
of the modified ethylene copolymers is ethylene/acrylic
acid.

10. A composition according to claim 1, including
polyvinyl alcohol.

11. A composition according to claim 1, also includ-
ing a quantity of ammonia of up to 0.5% of the weight
of the composition. '

12. A composition according to claim 1, wherein the
ethylene/vinyl alcohol copolymer has an ethylene con-
tent of from 10 to 40% by weight and a melt flow index
of from 6 to 20.

13. Articles in the form of films made from a polymer
composition according to claim 1.

14. Moulded articles made from a polymer composi-
tion according to claim 1.
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15. A method for the preparation of a polymer com-
position usable for the production of articles of biode-
gradable plastics matenal, comprising the step of mixing
an ethylene/vinyl alcohol copolymer having an ethyl-
ene content of from 10 to 40% by weight and a melt
flow index of from 2 to 50 and starch in a ratio by
weight of from 1:19 to 19:1 with a high-boiling plasti-
cizer in an amount of from 0.05 to 100% of the weight
of the starch in an extruder which is heated to a temper-
ature and for a period of time sufficient to bring about
the destructuring of the starch.

16. A method according to claim 15, comprising the
step of mixing, in an extruder heated to a temperature of
between 120 and 170° , an ethylene/vinyl alcohol co-
polymer with a destructured-starch-based component
which is prepared beforehand by mixing starch in an
extruder with a quantity of a high-boiling plasticizer of
from 0.05 to 100% of the weight of the starch, in the
presence of a quantity of a destructuring agent selected
from the group consisting of urea, alkaline or alkaline-
earth hydroxides, and mixtures thereof effective for
causing the destructuring of the starch at a temperature
below the boiling point of the plasticizer and between
120 and 170° C.

17. A method according to claim 15, in which the
high-boiling plasticizer is selected from the group con-
sisting of glycerine, polyethylene glycol, ethylene gly-
col, propylene glycol, sorbitol, and mixtures thereof.

18. A method according to claim 15, in which the
destructuring agent is added in a quantity of from 2 to
20% of the weight of the starch- component, in which
the mixing operation is carried out with the addition of
a quantity of water of from 0.05 to 100% of the weight
of the starch component, and in which the water con-
centration 1s reduced to a value no greater than 6% of
the weight of the whole composition.

19. A method according to any one of claims 16 to 18,
also including the addition of ammonia.

20. A method according to claim 15, wherein the
mixing of the ethylene/vinyl alcohol copolymer, starch,
and high-boiling plasticizer is in the presence of a de-
structuring agent selected from the group consisting of
urea, alkaline-earth and alkali metal hydroxides.

x X %X X X
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